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(!S4) Bio<legiaciat)le polyealer/tioiyesler c ar bo nat e lesln composition 

(57) The present Invention provides a resin compo- 
sition comprising polylactic acid and aliphatic polyester 
eartxsnate, which liaa practteally adeQustta heat-resist- 
ance temperature, moldat)flity, thermostability, solvent 
resistance and high mechanicaJ strength, as well as a 
maided article thereof. In tiie resin cornpositian, the 
Vtcat softening point is 60^ or more, the tensae modu- 
lus of elasticity is 0.9 GPa or nrtore, the modulus in flex- 
ure is 0.6 GPa or mora, and the mixing ratio of polylactic 
add W and aEphaHc polyester cartsonate (B), in temis 
of the rafio of (A)/(B) by weight is 95^ to S95. 

Further, the present Invention provides a tdode- 
gradatsle injection-molded article having impn ov enients 
in mechanical characteristics and impact rocictnnce and 
superior dlspoeal propertlee, parlictdarly having 
strength enough to make it usable as a headgear niate^ 
rial for use In helmets. The biodegradable lnJ«^on- 
molded article is excellent in impact resistance, com- 
prising mainly polylactic add (A) and aliphatic poiyestBr 
(^) and/or aliphatic pdyester cartmate (B). This injeo- 
tidn-molded article has a flexural strength of 30 MPa or 
more and an Isod Irvpact fstrenglli of 3 kl/hfi? or more, 
and it Is used aa helmet headgear. 
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D63crtpllon 

BACKGROUND OF THE INVENTION 
8 Fialdofthalnwntton 

[0001] The present Invention relates to a resin oompoeitlon compMng mainly potylactfc add and aliphatic polyester 
cartonate, as wel as a molded article thereof. 

10002] The resin conpodlion comprising mainly pdylactlc add and al^hatlc polyester cart)onate acooiding to the 
10 present invention is superior In f lowablity and moldabiOty and suHaide for obtaining injection-molded arfldes, axtrudon- 

molded artides, vacuim-tormed artides. l)low-molded artide, fbem, multif aaments, monofilaments, ropes, nets, woven 

felsrics. Mttings, nonwoven f^cs, films, sheets, laminates, vessels, foams, various parts and other molded artides. 

The resulting molded artides have adequate mechanical strength and thermoetabiity and simultaneously they can be 

micfobially dBoony o sed easily in soil, active sludge and oonposts. 
16 V300SI Accordingly, the present invention can be applied to a wide ^ety of uses where recyding ie difficult in the 

fields of padaging matermls. agriculture, f idiery, foods etc. 

[0004] Fbr example, in the field of padoging maleriaie, the molded artide of the Invention can be used as afllm for 
pac)<agingandcanal80behea^sealed Furtha^, h can be utiBzed as a multif for covering the sur^ of sofl to keep 
the tenperalure of the soQ. as a pot and rape for ganien plants, or as a coaling rnaterW 
} 20 culture, or can be utilized as a fishoig line, acasting net in the filed of fishery, or as a sanitary material such as medtoal 
materials arxi sanitary items In the medical field. 

[OOOq Further, the present Invention relates to a biodegradable ln|ectton-moided artida having Improvemenis In 
mechanical characteristics and impact redstance as well as superior disposal propertiea 

25 Deficriotton of the Retalod Art 

[0008] In recent years, there arises a need for de^opment of high-mdecular materials decomposable in the natural 
environment for environmental problems in the global scale, and particulariy plastics decomposable by microoigantsms 
are greatly expected lor use as environmenlalty compatible materials or as a nsMr type of functional materials. That Is, 
30 molded artidee oondsting of biodegradable redn which can be decomposed under the natural environments are 
desired In recent years from the viewpdnt of protection of the natural environments, and the study of naturally degra- 
d^e redn such as al'9)halic poiyeeters is actlvety conducted. 

[0007] Heretofore, it b well-toiown that al^hatic polyesters are biode^adabie, and typical examples of polymers 
obtained from aliphatic hycfraxycartxncyiic acUfe Indude poly-S-hydroD^tsutyrate (PHB) produced by microorganisms. 
SB pdycaprdactpne (PCij as a synthetic poiymer and pdyiactic add (PLLA) produced through fer me nt a tion from L-iactic 
add as the starting material. 

[OOOq PI-IB4M8ed biopdyestere are eNcellent in compatibOity with the environment but poor in productivity, and 
because of high costs* there Is a limit to thdr use as a substitulB for ganaralinirpoM 
degree of polymerization to penfTBt it to fonfned into a flln^ but It is poor 
.40 or less, so its applicat)3ity te Bmited. 

) [0009] Particularly, polylactic add is deemed most promising in resped of costs and physical properties, and it is a 
thermoplastic redn having transparency but suffers from problems in physical properties, such as poor elongation and 
fleodbiilty as wdl as Its low softening temperatura Further, because of the low rate of blodegradatlon thereof in the envl- 
ronmem and the unstabflity thereof to hydrolysis, its impfwements han/e been d 
45 allvdyhlghmeltingpdntof 150to160*C and l8 superior In transparency, and ^ 

material. Hcwever, pdyiactic add though having high strength because of Its rigid molecular structure t»s the problem 
of poor impact red stance and txrittlenesa. 

[001 Q] Afiphatic polyesters other than polylactic add are generally superior In fleodbiOty and inpact resistance, but 
mdr rnelting pdm is 60 to 1 10«C which is lower than that d polylactic add, then- 
so temperatura or less and thdr crystalHnity is high, so they are opaque and poor In strength. 
[0011] On the one hand, aliphatic polyester caitonatesoblabied from 

pounds and cart)onate compounds are poiymers excellent In mddabiiity and biodegradability having phydcal proper- 
ties dmnar to those of pdyettiylene. However, In fields where rdativefy high rigidity or tensfle strength is required, their 
etrength le not satisfactory. Thdr rigMHy can be improved by use of ffinero such as talc tor improvement of rigidity, but 
ss there occurs the problem of reduction of flowablity eto., so it tas been dedred to improve rigkflly wRhoul redudngflGW- 
abDty 

[0012] As descrfoed above, while the eixlsling biodegradable plastics have theb* respective duraders, there are a 
number of unsatistactory aspects, and therefore It has been desired to devdop plastics with strength, thermostability. 
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moldabi&ty and biodegradability balanced wHh one another 

SUMMARY QF THE INVENnON 

8 [0013] The object of the present Invention Is to provide a resin oomposHion oonpiislng polytactic add and aliphatic 
polyester cart>onate, whi^ ru» practically adequate heat-resistance temperature, nwldability, thennostabaity. solv^ 
resistance and high mechanical strength, as weQ as a molded arUcla thveof. 

[0014] As a result their eager study to solve the problem described atuve, the present inventors found that a resin 
oonposHlon having heat distortion temperature satisfactory for praclic^ use and having moldabillty. thennostability, ed- 
70 vent resistance and mechanical strertgth can be obtained by mbdng poiylBdic add exceliant in rIgicSty and tensile 
strength with aQphalic polyesto- carbonate excellent in flexibility, hydrdyeis reeisiance and bibdegradabiii^, and also 
that this res&n composition has satisfactory tsiodegradablli^ 

[0015] That is, the presem invention relates to a compodtlonoomprteing mainly polyl^ 
pdyester cartxdnalB, PEC (B) aridto a rnolded artide thereof. 
75 [0016] MofBspedfically, the preserninv&nion relates to a resin compost 

or more, the tensile modulus of elastidty is 0.9 QPa or more, the nx>dulus in flexure is 0.6 QPa or more, and the mixir^ 
ratto of pdylactio add (A) and aliphatic polyester caibonate (B). in terms of the ratio of (^/(B) by weight, Is 95/5 to 5/95, 
as weB as a mdded artide thereof. 

[CmT] The resin composition comprising mainly pdylactic add and aHph^tfo polyester carbonate according to the 
20 present invention is superior in flowabGty and mddabili^ and suitable for obtaining injeelton-molM artides, extrusion- 

molded artides. vacuum-formed articles, blow-molded ariide, fibers, muitifilamentB, rrxuiofllamentB, ropes, nets, woven 

fabrics, lotltfings, nonwoven fabrics, films, sheets, laminates, vessels, foams, various parts and other mdded arlldes. 

The resulting molded artides have adequate mechanical strength and thentmtability and are micrObiaBy deoonrp ose d 

easily In soB, active sludge and o or rpo s ts. 
2S 10018] Aocondingly, the preseminv^on can be applied to a wide variety of uee^ 

fields of pado^ig materials, agriculture, fishery; foods etc 

[0019] FbreKanpleJn the fteidd packaging nriaterials^lhe mdded a^ 

packaging and can also be heat-sealed. Further, it can be utilized as a multl-f ilm for covering the surface of soil to ke^ 
the temparature of the soil, as a pot and rope for garden plants, or as a coaling material for fertlDzere in the field of agri- 
aa culture, or can be utilized as a f ishing line, a casting net in the filed of fishery, or as a sanitary material such as medical 
matarlals arxi sanitary Items In the medical field. 

PKiaq] Another object of the pr^ent invention is to provide a biodegradable injection-moided artide having improve- 
ments In mechanical characterislks and ImpacI resistance and si^serior disposal propertieG. which partteulariy has 
strength enough to perrr^ it to be useable as a headgw material for use In hdnriel& 
55 [0O21] As a resuft of their eager study, the preseminverttors found that pdytecticra^ 

aliphatic polyester carbonate can be used to obtain a bkxiegrBdable InJectlc»i-mofcIed artlde, whteh while maintaining 
biod^rac^ity. has str^gth and impact resistance, particularty with strength enough to permit It to be usable as a 
headgear material for use In helmets. 

P022] That Is, the present invention relates to a biodegradable injection-molded artide excellent in impact resistance, 
40 oomprising mainly pdylactic acid W and aliphatic polyesta* (E) and/or aQphatic polyester carbonate (B). Further, the 

present invention relates to the frijection-molded arlfde wherein theflaxural strength Is 30 MPa or more. Further, ttia 

present imrention relates to the injection-molded artide wherein the Izod impact strength is 3 kJMi? or more and further 

to the Ir^ection-mokled artide for use as a helmet headgear. 

p)023] According to the preseminv^tors,potylactic add and aliphatic pdye^ 
4S can be used as descrbed above to provide a biodegradable ir^ecttonnrndded artide, which while maintaining biode- 

gradablilty, has strength and Impact resistance, partkidarly wHh strenglh enough to permit II to be usaUeasa headgear 

material for uee In helmets. ^ 

DFTAILgD DESCRIPTiQN QFT>^E INVENTIQN 

SO 

[q024] In the present invention, pdylactic add (A) is a polymer consisting substantially of monomer units derived from 
only L-lactic add and/br D-lactic add. Here, the term "substantiaOy" means that other monomers not derived from L-or 
D-lactic add may be oontalned In the pdymer In the range where tiie efftols of the present Invention are not deterio- 
rated. 

ss 10025] The nrarthod of pnxiudng polyladlc add niay be any known arbitrary ^ 

typically known method Is a method (lactide process) of ring-opening polymerization of lactide i .e. an anhydrous cydto 
lactic add dimer, but lactic add msy be dlrectiy pdycnhdensated. The mdecular weight Is preferably In the range of 
50.000 to 1,000.000 In tenns of wdght average mdecular weight If the molecular weight Is bekiw this range. Its 
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mechanical physical propertiea cannot be aufRcientfy exhibited, whereas a molecular weight exceeding said range 
brings about inferior proceseatsOity. 

[0026] If polylactic acid {A^ is con^posed exclusively of monomer unite derived from L- and^or D-lactic add, the result* 
ing pdymer is crystaOine with a high melting point Further, by varying the ratio of mononer unite derived from L- and 
5 D-ladic add (abbreviated herajnafter to the UD ratto), the crystallir^ and meltfrig point off the resulting polymer can be 
aibitrarfly controlled» thus enabling control of practical characteristics depending the de^red use. 
[0027] In the present Invention. In conslderBlion off the twiance tMtween high thermostability and molding character- 
istics, the L/D ratio is preferat)ly 90/10 to 9S/1. 

[0028] The aliphatic pdyester cartKxiate (B) in the present invention Is characterized In that it has a cartspnate unit 
10 content of at least 5 mol% or more, a weight average molecular weight of at least 1 00.000, a melt visooslty of 2,000 to 
50,000 poises at a ten^^^re of 190"C under a loatfng of 60 kg. and a melting point of 70 to 180"C said aliphatic 
polyester carbonate (B) being obtained t}y allowing an afiphalic pdyester oOgomer having a nuntser average molecular 
weight of 10,000 or less obtained by reaction off an aliphatic dibasic acid and/br a derivaiive thereof with an al^^hatic 
dOiydroxy compound and/br a hydroxycartxaxylic add oornpound to react with a c^^ 
16 [0029] The process for producing an aliphatic polyester caitsonate according to the present invention is composed of 
a first step of obtaining an aliphatic polyester oligoma* from an afiphatic dtbia^c acid and/or a derivative thereof and an 
afipfntic dihydroxy compound and/or a hydra^cartxscyllc add compound, and a second step of otitaining an aliphatic 
polyester carbor^ by reacting the ai'phatic polyester oligomer with a caitxviate cornpound. 
[0030] The first step is a step of produdng a polyester digomer wHh a number average mdecular weight of 10,000 
20 or less in the presence of a catalyst al a temperature of 1 00 to 250*0 while an excess dihydroxy compound and water 
torrned as a bypioductdurlrig the reaction are renicmd. For tfie purpose of promoting the reaction, a reduced pressure 
of 300 mmHg or less is pref arabia 

[0031] The second step is a step of making a polymer by reaction of the polyester digomer obtained in the first step 
with a cart}onata compound, wherein the reaction Is conducted usuaOy at 150 to 250"C preferably at ZOO to 220"C In 

25 the presence of a catalyst, and the hydroxyi compound produced as a byproduct during the reaction is rmoved. At a 
reaction temperature of 150^ or lass, an adequate reacflon rate cannot be achieved, whereas at a temperature of 
250"C or more^ the polymerization reaction can proceed rapidly but the resulting pdymer may he colored, resulting in 
undesirable results. Depending on the boiling temperature of the aqphalic cart»)nate compound used in the reaction, 
there arises the necessity for oorviucting the readkan under pressure at the Inifial stage of ttm readksn. At ttie later 

30 stage of the reaction, the degree d reduced pressure is p refe r ab l y regulated gradually to a reduced pressure off ffinally 
3 mmHg or less. 

[0032] TTie carbonate unit contem in the anabatic pdyester caitsoriate can be contrdleda^ 
amount d terminal hydroxyf group d the alip^c pdyester oDgomer. If the cartsonate unit content is too high, the melt- 
ing pdnt d the reaiiting aliphatic pdy^ter cart>onate Is k>w. and the pdymer having pradiGal thernrtostablOty cannd be 
ss obtained. On the one hand, if the carbonate unit content is increased, degradabiBty by microoiiianisme becomes high. 
Accordingly^ the cartxxiate unit oontmt is preferably an amount capalsle d realizing suftable Uodegradability and prac- 
ticai thenmstabiCty, and in the present invention the cart»r^ unit content in the alipf^c polyester cart»nate is at 
least 5 md% or nnra. usually preferabty 5 to 30 md%, and particulariy preferabty 7 to 25 

[0033] The aliphatic dbasic add used for production d the aliphatic polyester caitxmate d the present invention 
40 indudes sucdnic add as the essential component, and besides, e.g. oxalic add, malonic add, glutaric add, adipic add, 
liberie add. sebadc add, dodecanolc add and azelaic add etc. can be used h oomislnation as necessary. The atsove- 
described emphatic dibasic adds may be esters or add anhydrides thered. 

[0034] The aliphatic dihydroxy oonpound used for production d the aliphatic polyester carbonate of the present 
invention Indudes 1,44xitanedid as the essential component, and besides, e.g. ethylene glycd, trimethyfene glyod, 
45 prcpylene glycd, 1,3-butanedid. pentanedid. hexanedld. odanedtol. neopentyl glyod, cydohesonedid, cydohexan- 
edlmethand etc. can be used In comblnatian as necessary. 

[0035] The hydroxycarboxyiic add compound used in ihe present invention Indudes lactic add. glycdic add, 
hydroxybutyric add. hydroxypivaDc add, tiydroKyvBlerie add etc. and these can also be used bi the form d derivatives 
such as esters arvi cydic esters. 

BO laosei These aliphatic dibaste adds, dlphatlcdii^rDxycornpourids and hydroo9^^ 

used alone or as a mixture thered, and a dedred combination ihered can be used. In the present inv&ition, those hav^ 
ing suitable Uodegradabiltly and a high melting pdnt capable d realizing practical Ihenmostadlity are preteraUa 
[0037] Abc»rdinoly, in the present inventlcvi, 1 ,4-t3utanedk>I as the aliphatic dihydroo^ compound and succinic add as 
the al'qpfiaticdibadc add should t>econtairied in an amount d 50 mol%ormore, respectively. 

55 [0038] Spedfto exanples d cartrariate compounds used In production d the d^}^ 

present invention indude, but are not Emlted to, diaryl caft>onates such as diphenyl carborate. ditdyl cartdonate, t>i8 
(dilorophenyO cart»nate and m-aesyl carbonate, and afiphatic cartxinates such as dimethyl cartx)natB, dietfiyl cartxNi- 
ate^dilsopropyf carbonate, dibutyi carbonate, dlamyt carbonate and dioctyl carbonate. In addition to the carbonate com- 
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pouncto made from the same kinds of hydroxyt compounds as the staring material as described above, it is also 
possible to use unsymmetrical cait)onate compounds made from difrerent Knds of hydraxyl compounds as the etarting 
material, or cyclic cartxinaie oorrpounda 

0)0391 The resin composition of the present invention comprises mainly the polylactic add and aliphatic polyester car- 
bonate resin described abo^ and it can be modified by adding an ester-exchange catalyst various monomers, cou- 
pling ag&\K terminal treatment agents, other resins, wood powder, starch etc. in addition to various additivies such as 
modifiers. bulMng agents, lubricants. UV Bbsort3ers, antioxidants. stabHizers. pigments, oolaring matters, various f Blers» 
antistatic agents, releamg agents, plasticizers, perfumes, anti-fungus agents etc. 

[0040] The redn composition can be obtained by mechanically mixing both the r^ns above the tenperature at which 
at least one of the resfris is molten. Alternatively, the resin composition can be produced by mechanlcaliy grinding both 
the resins, then mixing and conpressionther^, or bytSssotvingbqth the resins in solvent and then mixing the result- 
ing solutian with poor solvent for precipitation thereof, or by dissolving both the resins in solvent and then casting the 
solution to remove the solvent butthe production method is not Gntited to those described abova The mixing apparatus 
is not parliculariy limited either, but a mixing method of using an extruder Is Industrially recommended because the res- 
ins can be mixed in a short tone atxl treated cont'nuousiy. 

[0041] The specific temperature for mbdng is preferably in the range of 100 to 300<»C because at 100*<) or less, the 
resins have high melt visrosity or ere not molten. A temperature of SOO^C or more Is not preferable because thermal 
deco mposi t io n of the resins occurs. It is preferable to mix the resins in a short time In a nitrogen atmosphm even at 
300^ or less In order to prevent cdoratlon. deterioralion and Ihemfial decomposition at high temperatures. Specfflcally. 
the mixing tiine ie recommended to be wflhin 20 minutes. 

[0042] Further, a vem opening iTiay be formed for rnixing under recbjced pressure In o 
remaining monomers in resin, generated gas eta 

[0043] The resin composition of the present invention \s not lintted to a smpie blend of polylacUc add and afftfiatic 
polyester carbonate, arid Includes copolymers formed by the ester eocchange reaction !n a molten state in the presence 
ofacatalyst 

[0044] The mixing ratio of polylactic add (fii and aliphatic polyester cairtxinflte (B), In terms of the ratio of (A}/(B) by 
weight is preferably in the range of 95^ to 5/9Sl If the amount of polylactic add added is 5% or less, a tensOe modulus 
of elasticity of 0.9 QPa or more and a moc&ilus in flexure of 0.6 QPa or nme cannot te achieved. Further, in the case 
of 5% or less aliphatic polyester (»rt3onata, a Vicat softening temperature of 60^C or more canrxst be achieved. 
[0046] The molecular weights of the resins used are preferably 1 00,000 or more in tenms of weight average molecular 
vraight as detennined by GPC using polys^ane standards. A mdecular wel^ of 1 00,000 or less does not lead to the 
desired strength. 

[0046] If the ratio of aliphatic polyester carbonate Is high, biodegradabOlty. hydrdysis resistance, and softening tem- 
perature are raised, and whereas H the raiio of pdylactic add Is high, tensile strength and ftaDOiral strength are 
increased, so it is p08s&)le to design resin depending on the desired use and object 

[0047] However, if high transparency is necessary and certain degrees of biodegradabilit^ hydrolysis resistanoe etcx 
are desired to be given, 5% or less al'phatic polyester carbonate can also be used, and further if certain degrees of fiex- 
ural strength ard tendle length are necessary while high flexibility is maintained, 5% or lass polylactic add can also 
be used. ■^-^ 

[0048] Tmmoldedartids^ the present inventlOT 

tion, and ^eeiHotn6iaed fdrnrs and molding methods Muds, but srernLBmitBettQi injection-molded artides, extruslon- 
mdded artides, vacuunhformed artides, blow-mdded article, f&}ei;<Wltifilament^monofil^^ ropes, woven fab- 
rics, nets, loiittlngs, nonwoven febrics, fDms, sheets, laminates. ves^iSrtoafnsrvitf^ parts and oihsr mdded artides. 
[0049] Fbr the uniformity, strength, app^vance etc. of the resni, pdylactic add and afiphatic polyester cait>onate are 
preferably mixed to fomi peQets before molding. Alternatively, polyfoctte add and afiphatic polyester cartxinate, both In 
the form of peflets. and In some cases various additives can be simultaneously mtxed and Introduced (flrectty Into a 
molding unit fo ^ve a molded artide. 

[0050] Altemath«ly, both the resins are dissolved in solvent then the resulting solution is cast or applied, and the sd- 
. ventisrenoved whaebyanmlded artide such as fflm, she^^ can also t>eot>tained. 
[0051] The resuiling molded arlideshatve high mechanic^ strength and pracBcallyadec^ 
and these can be microbiafly decomposed easily in sdl, active dudge and composts. 

[0062] The biodegradabaity of the resin oom posi lion and the molded artide according to the present invention can be 
regulated by the molecular weight, the DA. ratio of pdylactfo add, the cariaonate unit content In aliphatic polymer car- 
bonate, the mixing ratio of pdylactic add and aiiphattc polyester carbonate, and the thickness of the molded artide, and 
a compost test on thdr poiMder Indicates 90% or more degradabQIty 

[0063] As described above, the redn composition and the molded artide having practically adequate thermostability 

and strength can be detained according to ttie present Invention. 

[0054] In the present Invention, allphalfo polyester (E) (hereinafter reta^ 
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than polylaclic acid ia a polymer oonsiatinQ of ag. an aliphatic caitoxyfic add component and al4>hatic alcohol compo- 
nent 

[0055] The m^od of producing aliphatic polyester (E) includes a method of okJtaining the polymer try direct poiynv 
mization and a method of incfirectly obtaining the polymer k)y use of a chain-extending agoit after polymerization of an 

5 e.g. oligomer-slz mdecule. The aliphatic polyester (1^ used In the prasem invention Is con^^ 

tioxylic add and did. The al'«>hatic tScariMxylic add indudes compounds such aa suodnic add. adipic add. subalc 
add. sebadc add and dodecandc add or anhydrides and derfvatives thereof. The aDphaUc did Indudes glyGd4ypa 
compouncte such aa ethylene glyod. butanedid. hexanedd. octanedid and cydohexanedimethand. as well as deriv- 
atives thereof. Any of them are oompounds having a C2 to CIO aDcylene group, q^doH^ing or cydoalkylena groip and 

10 these are produced ty polyoondensation. The cartx»ylic add components and aioohd components may be used alone 
or in combination thereoL 

[00551 For the purpose of provldbig the pdymer wHh a branched chain for Improving melt viscosity, tri- or more tunc- 
ttonal cartuxylicadd, aioohd or hydroD^carbCBqfticadd may be used. 

[0057] If these oomponanls are used In a large amount, the resulting pdymer has a crosslinkBd structure to render It 
16 non-thermoplastic, and even if it la Ihemicplastic. there may partiany occur micro-gd having a highly croedinked struc- 
tura Acoofdingly. these tri- or more liincticnal components are contained in such a trace amount that they do not greatly 
Influence the chemical property and the phydcal property of the polymer. 

[0058] As the pdy^unctional components, it is possible to use maleic add, tartaric add. dtric add, trimellitic add. 
pyiomeilHIc add or pentaerythritol or trtmatfvld propane. Among the production methods described above, the direct 
j 20 pdymerizalion method Is a method of obtaining the polymer wherdn the above-described compounds are selected and 
water contdned in the dmisounds or water generated In the pdymerizal^ In the indireGt pdymertzalton 

method, the abomdescrlbed oompounds are sdected and polymerized until an ag. digbmer-size mdecde Is pro- 
duced, arKi then with the aim of uicreadng Hs mdecdar weight, a smaD amount of a chain-extending agent such as 
cfilsocyanatB compound, for example hexamethylene dUsocyanate. Isophorone dUsocyanale. xylylene dOsocyanata or 

25 cfiphenyl methane dosocyanate. is used to polymerize tiie dtgomer-dze mdecde. 

[00^] Now, the process for produdng the Injection-molded arltela according to the present invention is descr&ed. 
Post the mbdng method and the mixing apparatus for pdylactic add (A) and diphatic polyester (E) and/br aOpf^cpd- 
yester caitKmate (B) are not particularly limited, but those pernrvtling continuoue treatment is industrldly advantageous 
and thus preferafala l=dr example, 2 Mnds or more of pdlals may be mixad at a predetermined ratio and introduced as 

30 such Into a hopper in an injection molding machine, molten and immedatdy mdded^ Altematively, after both the com- 
ponents may t>e molten and mixed, the mixture Is once formed Into pdlets, and thereafter, the peOets may be molten 
and molded as necessary. AJtemath/ely. the respective polymers may be separatdy molten in an extruder eta. then 
mbted by a stationary mixer and/or a mechanical stirrer, and Immedately mdded or once formed Into pdlets. A station- 
ary mixer may be used In combination with mediadcd sflning in an extruder etc. For unfform mbdng. the method of 

SB forming peflMonce is preferade, while in the case of the melting and mixing method it is necessary to substantidly 
prevent pdymer deterforation. modification, and oopdyrnerlzalion raactto 

erade to mix tiie redns in a short time at a tenpecature as low as possa^le. The temperature for melt extrusion le 
sdected as necessary In oondderartton of the mdting pdnt and ntfxing ratio of bloctogradaUa resins used, and this tem- 
perature ts usually in the range of 1 00 to 250^. 
n 40 [ooecq TTiepdymersniixed in the above-desaibed methods are introduced into 

;) molding machine, tiien mdtan and Injection-molded whereby tha finiection-mdded artida of tiie present bvention can 
be eadly obtdned. 

[0061] T^elrjection-nrroUedartideoflhepreeentlnvenilon refers to every 

materials which can be molded in a conventional injection molding machine. Regaidlng industrid use, for example, tbe 
45 If^ection-mdded artide of tiie present invention Is useful as a caniage or storage tray fbr production of semioondudors 
or Dquld crystals employing low dectrif Ication-property of the redn composition d the present Invention, a dlsposat^le 
Industrial apparatus unit or its parts Cbr example, an exchange unit or its parts), or a mdded artide for protecting dl 
sorts of parts at tiie time of transport or storage. Further, tiie injection-molded artide of the present Invention Is partic- 
ularty sdtade as a mdded artide for use aa a helmet headgear requiring atrengtti. For these uses, the ir^ection-molded 
BO artide of tiie present Invention preferdsly has afleoami strengtti of SO MPaor more, and/bran bod lm{»d strength of 
SMAn^ormorsL 

19062] The dodegradaUeiriiectton-molded artide of tiie preeem invention conr^^^ 

polyester (E) dher tiwn pdylactic add and/br a^hatic pdyeder cartxsnate (B), and It Is deoomposad fri the natural 
environment In generd, ttie rate of decomposition of aliphatic polyester CE) and diphatic polyester cait)onate is hij^er 
65 tiian thai of polylactic add, and tiius tire rate ddeooripodtim 
essary t3y sdecting ttie mixing ratio of the redna 

[0063] Furtiier, when the redr» are mdt-mbced or ir^ection mdded. secondary additives can be added to attdn var- 
ious modifications. Exanples of such secondary additives Indude stabflizers, antiiaddants, UV absorbers, pigments. 
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coloring mattm varkM fiHerG, antistatic agents, releasing agents. ptastlcizerB, perfumes, anti-fungus agents, nucleat- 
ing agents or other sintilar materials. 

EXftMPLES 

8 

V30W\ Hertinafter. itie present inv&ition is described in more de^ by re^rence to the Examples and Conparative 
Examples. 

IP065] In the Examples, the melting point was measured using DSC (SSC 5000. Seiko Denshi Ca. Ltd.). The molec- 
ular weights (Mw & Mn) of the polymars were detemiined in chlorDibrm as the solvent by GPC (GPC System-1 1 , Showa 
10 Danko, K.K.) using pclystyrena standaids. The cari)onata unit content was determined in terns of the ratio (moi%) of 
the caitxyiate unit to the total amount of the dicarboxylate unit and carbonate unit by ^^NMR wHh the use of NMR 
(NMR EX-270. JEOL Ltd.)* 

[00661 Themeltviscosityoftheanphatlcpoiyestercaibonatewasdetermniedataten^ 
Ing of 60 isg in a flow tester (CFT-500C. Shfrnadzu Corporalion). 
75 [0067] The hydraxyl group value and add value of oligomer of the al4>hatic polyester cart)onate were measured 
according to JIS K-1557. 

[Example 1] 

20 Production of Polylactic Add 

[0068] A reactor was charged with Uadide (Shimadzu Corporation), and a ring opening polymerization catalyst, tin 
octylate, was added thmto in an amount of 0.001 wt-% relative to L-lactide. and the L-lacttde was sU^ected to contin- 
uous polymerization reaction at a reaction temperature of 180*C for an average retention time of 18 hoiffs In the reactor. 
29 The resulting polymer was introduced via the outlet of the reactor into a twin-screw extruda* and kneaded at a tempo*- 
ature of 1 90^ at a pressure of 5 mmHg for an average retention time of 1 0 minutes during which unraacted lactide was 
removed, and polyladic polymer (Arl ) wHh a wdght average molecular weight of 200.000 was obtained from the outl^ 
of the extruder. . 

90 [E»Tiple2| 

[0069] A 50-L reaction vessel equipped with a stirrer, a fractionai-distaiation condenser, a thermometer, and a gas 
inlet was charged with 18.740 g (158.7 moles) of sucdnic add, 21.430 g (237.8 moles) of 1.44)Utanediol. 745 mg of 
zirconium acatyiacetorttrio and 1.40 g of zinc acetate, and the rrdxture was aDowad to react at a temperature of 150 to 
as 22iorC lor 2 hours in a nitrogen atmosphere and water was distiDed away. Then, the reaction solution was aged tor 3 
hours under reduced pressure ai a reduced ptBSSure of 150 to 80 mmHg to perr^ 

the degree of reduced preasure was gradually increased finally to a degree of reduced pressure of 2 mmHg or less, and 
water and 1 .4-butBnedId ware further c&tiDed sway^ and when the materials distilled away reached 1 0.460 g In total, 
the reaction was terminated. The resuHing digomer (B-1) Indtateda number average molecular weight of 1 ,780. a ter- 
40 minal hydroxyl group value of 102 KOHmg/g, and an add value of 0.51 KOHmg^. 

[0070] Then, the reaiting dicpmer (B-1), 24,000 g, was Introduced Into a SO-Lreadton vessel equ^sped with a stirrer, 
a liadional-distiliation condenser, a thermom^er and a gas idet and 4,680 g of diphenyl cart)onate was added thereta 
The mbcturs was allowBd to react tor 5 houre at a temperature d 21 0 to 22^ 

The melling point of the resulting polymer (Bp2) was 104<>C, and its weight average mdecular weight (Mw) asd^- 
4S mined t)y GPC was 168,000. and ^^NMR measurement indcated that it had 14.3% cartsorate unit as the pdycar- 
t)onato component The mdt viscosity was 10.000 pdses. and It was oompMely dissdved without forming any gel to 

chloroform. . - 

[Examples] 

so 

pniTI] Polylacticacid (A-l) obtained in Example 1 and aliphatic polyester cart)onate (B-2) obtained in Example 2, both 
in the torm of pdlets, were dried separatdy at a temperature of 90^ tor 10 hours in a vacuum dryer and mia^ in a V- 
s^ed blender where the mixing ratio of A-1/B-2 was 10/90 by weight, and the mixture was fed to a twin-screw axtmder 
(screw diameta- d 25 mm^ UD - 30) to be continuously converted into strands and then pellets to give resin mixture 

SB (C-1). 

[0072] PdletsofC>1 wmdriedataten[peraUjr^^f^0''64oc5how 

(mold damping pressure: 1 00 tors) arvi rnpki^^to spedmer^to b% examined for physical properties. The evaluation 
results of the resulting spedmens Indicatwt^ Ihe Vlcat§QMilng point Is 83«C. the tensile modulus of elasticity Is 1 
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QPa, and the modulus in flexure ie 0.8 OPa. The results are shown in Table 1. 
[Exanple84iD7} 

5 [0073] The same opmtton as in Example 3 was (»rxlufdBde^ 

aliphatic polyester caftonate(B-2} was changed Id 30^0. 50/50. 70/30 and 90/10 in ratio by w^ght In Examples 4 to 
7, respedlvaly. TTie results of the avaluatBd physical properties of the resulting specimens are shown In Ibble 1. 

[Connparative Examples 1 and q 

10 

[0074] The same operalion as in Example 3 iiies conducted except that 100% aG^^ 

used in Conparative Example 1 and 1 00% pdyiactic add (A-1) was used in Comperative Example 2. The results are 
shown fnlWel. 

[0075] The spedmans of resin mbdures, al^hatic pdyestar cart^onate and polyiactic add. produced respectively in 
15 Examples 3 to 7 and Coniparative Examples 1 and 2, were used 10 fbrms^^^ 

Imens were examined in a soil-laying test under the oonditiorv of 2S**C and 60% RH. Each specimen was cut Into 20 x 
90 mm piece and laid In soil In 5 cm depth from the surtaca Changes such as disappearance of these resin specimens 
by decomposition or formation of holes by dec omp o si tion during 18 weeiQ were observed. Tlie changee in weight of 
the spedmans are shown In Tbble 1 . 

20 

Tsblol 



25 
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58 
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40 

CThe degree of biodegradation indicates the degree of weight reduction of a ISO^m film specimen after 18 weeks.) 
[0076] Rom these resulted it is understood that as the aliphatic polyester caibonate 

grsdablGty of the resulting composition Is improved and the rate of biodegradation thereof can be easily controlad. 
[0077] In the Examples which follow, the weight average molecular weight (M«^ of the polymer ms determined by 
46 GPC analysis using polystyrene standards. The bend test and tensile test were conducted In acooidance with JIS- 
IC7203 and JIS-K7113 resf^vely. and the izod Impact strength was examined ftn accorda n ce with JI&-IC7110. 
[0078] In the Examples, the tbilowing 3 kinds of b'odegradable resin were used in the experiment 

(Polyiactic Add (A)) 

BO 

[POTq 

l^cty #5000, produced tyy Shlrrtadzu Corporation 
Weight average molecular weight 200.000. 

fiS ■ 
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<Afiphatic Polyester (E)> 

praeo] 

5 BbnolelSOIO. produced by Sham High PdymerCa.Ud. 
Weight average molecular weight: 1 40,000. 

(Aliphatic Polyester Cartonate (B)) 

70 [0081] 

Polyester Carbonate (PEC), produced by Mitsubishi Gas Chemical Ca. In& 
W^(^ airerage molecular weight: 136,000. 

75 [ExampdeS] 

[0082] Poiyladic add (/^ and allphafic pdyester caitsonala (B) both In Ihe form of peDets, previously completely dried 
by preGminary drying, were mixed at Ihe ratio of 40 : 60 by weight and introduced into an inj^on molding mactiine to 
prepare a bend specimen, a tensfle specimen CSpedmen Na JIS-2), an izod Impact spedmoi and a flat plate (1 50 mm 
20 xSOirmxSnmltiiclmese), andtheirptiyeicalpfQperties^ 

in a 9.1 anti-penelFBlion test (9.1.2 anti-penetration test method 11) In accordance witti JIS-TB131 Safety Helmet for 
Industry). 

[Examples] 

28 

[0083] Poiytactic add lA^ and aliphatic poiyaster cart»nate (8) both in the form of peOets, previously ooirpletely dried 
by preliminary drying, were ntixed at the ratio of 45:55 by weight then molten and mbeed in a twin-screw at 220^0 Ibr 4 
minutes in average, extruded through a nozzle of 2 mm in cBam^, cooled with water and cut into peOM (PI). The 
peOets (PI) ware conipletBty dried at 8S<^ In vacuo and introduced Into m 
90 specimen, a tensfle specimen (Spedmen No. JIS-2), an Izod inpact specimen and a flat plate (150 mm x 50 mm x 3 
mm thictaiess). and Iheir physical properties were examined. The flat plate thus obtained was examined In a 9.1 anti- 
penetration test 9.1.2 anti-penetration test m^hod II) in accordance with JiS-TB131 (Saf^ Hdm^ for Industr^^. 

[Example 10] 

35 

[0Q64I Polylactic add (A) and aliphatic polyeatBr (E) both In Ihe Ibrm of pellelSi prmtously completely dried by prelim- 
inary drying, were mixed at the ratio of 50:50 by weight and introduced Into an j^jection mokfing macKne to prepare a 
bend spedmen. a tensfle spedmen (Spedmen Na JlS-2), an izod impad; spedmen and aflat ptate (150 mm x50 mm 
X 3 mm thickness), and ttieir physical properties were examined The flat plate thus obtained was examined in a 9.1 
40 anti-penetration test (9.1 .2 anti-penetration test method 11) in accordance with JIS-TB131 (Safety hielmet fbr Mustr)^. 

[Cdmparative Example 3] 

PKIB6] rayiadicadd (A) previously completely dried by preliminary dr^ was introduced into an injection molding 
45 machine to prepare a t)end spedmen. a tensile spedmen (Spedmen No. JIS-2), an bod impact spedmen and aflat 
plate (150mmx50mmx3nvn thidoiess), and their physical properties were examined. The fiat plate thus obtained 
was examined in a 9.1 anti-penetration test (9.1 .2 anti-penetration test method 11} in accordance with JIS-Tai31 (Safety 
Helmet for Industry). 

so [Comparative Example 4] 

10066] Aliptiatic polyester (E) previously completely dried by preliminary drying was introduced into an irifection mold- 
ing machine to prepare a band spedman, a tansila specimen (^>edmen Na JiS-2), an bod Innpact spedmen arvd a fiat 
plate (150 mm x 50 mm x 3 mm thidoiess), and their physical propertiee were examined. The flat plate thus obtained 
ss was examined In a 9.1 antl-pahalrBtlon test (9.1 .2 anti-penetration test method II) In acoordanoe with JIS-TB131 (SatMy 
Helmet for Industry). 

[0087] The results of Examples 8 to 1 0 and Comparative Examples 3 to 4 are shown In Table 2. 

P088] Ttie pdymer In Comparative Examples was Hgh In strength but low In tn^iact resistance, and its spedmen 
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was broken in ihe anH'-penelralion test 

[0089] The polymer In Compairative Exempla 4 was high in impact redstanoe but low In strength, and the striker pen- 
etrated through it in the anti-penetration test 

[0090] Any of the polymer connposlttons in Examples 8 to 10 were superior In balance among mechanical character- 
istics, and neither the lowest point of the dent nor the steel sirito was brought iniD contact with the bde in th antiisen- 
etnation test, and these pdymer compositions were thus conf ii nie d to have physical properties meeting the helmet JIS 
standaids. 
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aaims 

1. A nsdn compositiGn comprisino mainly polylactic add (A) and aliphatic pol^^ 

2. The resin composition according to claim 1, wherein the Vicat softening point is 60**C or more^ the tensile modulue 
of elasticity is 0.9 QPa or more, and the modulus In fleocure is 0.6 GPa or mora 

Si The resin composition aocoRfing to daim 1 . wherein the mixing ratio of pdytactic add (A) and aliphatic polyester 
caibonate (B). in temr« of the ratio of (^Q/[B) 1^ weight, ie 95^ to €^ 

4^ The resin ampostion according to daim l.wherdh the vra^htaverag 
at least 100,000 or mora 

& The resin composition acoording to daim i. wherein the aliphatic polyester cart»>nate (B) has a carixmate unit con- 
tent of at least 5 md% or mora a weight average molecular weight of at least 1 00.000. a melt viscosity of 2.000 to 
50.000 poises at a temperature of 1 90*C under a loading of 60 kci. and a meMng point of 70 to 1 80^. said al^hatic 
polyester caitjonate (B) tseing ot>iained ksy allowing an al'^hatic polyester oligomer having a ruavber ey&^e 
mdecular weight of 10.000 or less ct3rtalned by reaction of an aliphatic cfibadc add and/br a derivative thereof with 
an aiipliaticdihydroxy compound and/or a tiydroocycarbOKytic add compound to react with a cait»nate compound. 

6. The resin comp o si tion according to daim 1 . wherein the cartranate unit content in ai'^phatic polyester carbonate (B} 
is at least 5 mol% or mora 

7. The resin comp o siti on according to daim 1, wherein the caitoonat e unit content in aliphatic polyester cartxrate (B) 
ls5toS0mol%. 

& The resfri composition according to daim 1 . wherein the aliphatic dibasic add used Ibr production of aliphatic pd- 
yester carbonate (B) Indudes succinic add and/br a derivative thereof as the essential component, and as neces- 
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8ary. an aliphatic dibasic acid selected from oxafic acid, malonic acid, glutaric acid, adipic acid, suberic acid, 
e^bacic add, dodecanoic add and azelaic add and/brderivativea thereof as components used in c omb ination, 

9. The redn oompoeition according to daim 1, wherein the aliphatic (Shydraxy compound used for production off 
aliphatic polyester carbonate (B) includes 1 ,4-butHnediol as the essential component and as necessary; ethylene 
glycol, trim^iyiene glycd, propylene giyco). 1 ,3-butanedid. pentanecSol, hexanedid, octanediol. neopentyt glyod. 
cydohaxBTiedld and eydotiexane-dlniettiand as components used in combina 

ia The resin composition acoording to dalm 1. wherein the hydroxy-carboxyDc acid compound used In production of 
aliphatic polyester carbonate (B) indudes a hydrcKycarbcKylic ac^ 
iautyric add, hydro)9r^varic add and hydroKyfveleric add a 

1 1 . TTie resin composition acoonling to daim 1 , wherein the aliphatic polyester carbonate (B) contains at least SO md% 
1 .4-butanedld unHIn the al^^^ dhydroo^ compound unit and at least SO mol% sucdnic add in the aliphatic diba- 
stcaciduniL 

12. Tlie redn composition aocordng to daim 1, wherein tiie carbonate corrpound used in production of aliphatic pdy- 
ester carbonate (B) indudOKdiaryl carbonate conpound(s) selected from diph^iyl cart>onate. ditdyi carboraie. bis 
(chlGrophenyf) caitMnate and m^x^esyl carbonate and/or aliphatic carbonate oompound(s) sdected from dimelhyl 
carbonate, diethyl carbonate, diisopropyl carbonate, dibutyl caftwnate, diamyl carbonate and dioctyl caibonata 

13. A rnolded artide oblalned tiy molding the conrpc3sltion descritsed in daim 1 . 

14. A Uodec^Hdable injection-molded artida e«ellent in bTf)act resistanca. conprising mainly pdylactic acbl (A) and 
atiphatic polyester (E) other than pdylactic add and^ al^sh^ 

1& T^einjeclion4noid6d artideaccordBTgtodaim14,wherdntheflm 

16. TTie injection-molded artide aocorcfing to daim 14. wherein the Izod irrfsact strength is 3 klAn? or mora 

17. The ir^iection-molded artida according to dalm 14, wherein the molded artide is a helmet. 
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